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Our senior design project team designed, assembled, and tested an outdoor electric grill. The 
sponsor for our project is Bull Outdoor Products, a high-end outdoor kitchen set, pizza oven, and 
grill company. We met with our sponsor to discuss project expectations and important product 
characteristics. We also researched the barbecue market and its customers to determine what grill 
characteristics are the most important. We learned which engineering specifications needed to be 
tested and outlined what our goals and overall objectives for this project are. With our background 
research and overall objectives in mind, we came up with different solutions through ideation and 
then narrowed down the ideas to a single solution. We created a concept prototype of our design 
to showcase its potential features and observe any possible design flaws. We created a CAD model 
and respective detailed drawings to specify our desired design and manufacturing plans. 
Additionally, we designed an electrical circuit that would fit the needs of the griller. Next, we built 
a structural prototype to test the heating element. Lastly, we combined all the components in the 
grill and tested it to see how it stacked up against our initial engineering specifications. This 
document was written chronologically, from September 2020 to June 2021, and thus the writing 
in each section is reflective of the stage of the project we were in during that section.    
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Bull Outdoor Products Inc. is a company that sells high-end outdoor kitchen sets, pizza ovens, 
outdoor fire pits, and most importantly, grills. Bull currently does not have an electric grill on the 
market but would like to start producing and selling an electric grill in the future. Fires in California 
have caused stricter regulations on the use of open flame grills in residential areas. As a result, 
electric grills have become common alternative to gas grills in areas with high fire danger. Our 
goal is to produce an electric grill without sacrificing the conventional grilling experience and 
functionality. This market is primarily appealing to homeowners who would like to grill on their 
backyard balconies but are unable to own a gas grill due to the additional fire insurance cost. Since 
Bull sells premium barbecues, this electric grill needs to be high-end.  
Our primary contact at Bull is Frank Mello, Vice President of Sales and Marketing. We originally 
met with Frank at the beginning of the quarter to discuss his vision for the product and our plans 
to test the existing electric grills on the market. Frank provided a lot of great insight into what kind 
of company Bull is and how their products are distinguished from their competitors. He 
emphasized that he wants the electric grill to have Bull’s standard aesthetic features, so that it can 
fit seamlessly into their product line. 
Our team members for this project are James Andrews, Makai Baker, and Sofie Groberman. We 
are all fourth-year mechanical engineering students who have chosen this project because of our 
interest in grilling, heat transfer, and product design. 
1.1 Document Outline 
This document explains the scope of the electric grill design project. The background section 
describes the characteristics of the desired product. In addition, this section will feature our 
research about the existing products in the electric grill market. This research is vital to 
understanding the limitations of current electric grill designs. The objectives section will describe 
the goals of the project as well as outline the criteria we will be aware of while ideating and 
designing. The concept design section will examine the processes we used to ideate potential 
solutions and then narrow those solutions down to a single system concept. This section will also 
describe our chosen design in more detail. The final design section details our final design that 
moved forward with, including the subsystems, safety, and considerations. The manufacturing plan 
section outlines our manufacturing and assembly that we performed throughout this project. The 
design verification plan section outlines the testing that we did to meet our engineering 
specifications. The project management section will detail the logistics of reaching these project 
goals. In the conclusion, we will ask our sponsor if our understanding of the project goals and our 
outline to reach those goals meets their expectations. 
2. Background 
Bull products are mostly high-end products with hefty price tags. As a result, their customers are 
expecting the very best quality grill. Bull’s commitment to excellent craftsmanship and quality is 
evident by their lifetime warranties on all parts of their grills. We wanted to research the existing 
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products in the electric grill market to determine what the typical electric grill is capable of. We 
wanted to use this research to gauge where we can make improvements. We can compare this 
knowledge of the currently available products to our researched customer needs to make sure the 
customer has the highest satisfaction with our new product. 
 
From our initial sponsor meeting, we determined that the most important technical requirements 
for the desired electric grill are that it should be quick to heat, have a high maximum temperature 
and be able to distribute heat evenly on the cooking surface. High temperature capability is 
important for two main reasons. First, the customer has more versatility while cooking. Second, 
the high temperature causes the meat to caramelize, which gives the barbeque food its delicious 
taste. From our initial scope of work feedback, we were informed by the former Executive Chef 
and current Marketing Manager of Bull Outdoor Products, Wade Fortin, that we should look to 
avoid over-heating the drippings from the meat because the fat burning can add an acrid taste and 
leave undesirable black spots. Instead, we should focus on using a smoker box to add the traditional 
smokey flavor. 
2.1. Existing Products 
When researching current products, we looked broadly at the electric grill market, since we did 
not know the specific grills that our sponsor wanted to model our design after. We assumed that 
our sponsor wanted high-end grills exclusively, upwards of $1,000. As shown in Table 1, most of 
the grills we found were from two brands, Fire Magic, and Kenyon.  
Table 1. Table of Existing Products 
Product Name Cost ($) Total Cooking Area (in^2) Watts 
Fire Magic Tabletop Grill 
(Peterson, 2020) 
1339.60 252 1800 
Fire Magic Pedestal Electric 
Grill (Peterson, 2020) 
1685.55 252 1800 
Kenyon Floridian (Kenyon, 
2020) 
1026 155 1300 
Kenyon Rio (Kenyon, 2020) 1030 155 1300 
Kenyon Texan Electric 
(Kenyon, 2020) 
2100-2595 310 1500 
Coyote Outdoor Living 
C1EL120SM Electric Grill* 
(Electric, 2020) 
499 156 1300 
*We decided to research this grill after talking to our sponsor. 
 
Bull Outdoor Products sent us two of the recommended grills for inspection and testing. These two 
grills matched Bull’s desired product most closely. The two recommended electric grills were the 
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Kenyon Floridian and the Coyote C1EL120SM.  A photo of the Kenyon Floridian can be seen in 
Figure 1. 
 
Figure 1. The Kenyon Floridian Electric Grill 
With a fully stainless-steel finish, the Kenyon grill looks high-end. The interior electrical heating 
elements are not visible. Kenyon claims that this grill can heat up to 550 degrees Fahrenheit in 
about 10 minutes (Joe, 2018). Since grill owners are looking for a product that can get very hot as 
quickly as possible, this feature is attractive. The Kenyon also features a touchpad to adjust the 
temperature of the grill.  
 
The Coyote grill is a good example of a more affordable electric grill. As a brand, Coyote makes 
all types of grills, including gas, pellet, and charcoal. The brand clearly knows what their customers 
want, as their electric grills have high ratings across all sites. A photo of the Coyote grill is shown 
in Figure 2. 
 
Figure 2. Coyote Outdoor Living C1EL120SM Electric Grill 
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The Coyote grill has a smooth stainless-steel finish and physical knobs as the controls. This adds 
an aesthetic value and makes the grill look higher end compared to other grills at this price point. 
Additionally, the grill has a pop-out table that exists on the side of the frill (not shown) that allows 
the griller to have some extra room for food preparation. The grill itself offers a 5,000-hour heating 
element, and a maximum temperature of 550 degrees.  
2.2. Patents and Technical Documents 
The patents found in Table 2 are general patents for all grills. Kenyon has patents for the control 
panels, touch screen displays, and smart sensors that are featured in their products. We will not be 
including these kinds of features into our design because Bull already makes aesthetically pleasing, 
traditional knobs. The other patents in this list are for a variety of grill components, such as cooking 
surfaces, heating elements, power sources. Some patents seem to be utilized in many grills, such 





Table 2. Table of Relevant Patents 
Patent Name Patent Number Unique Elements 
ELECTRIC GRILLER 5,524,528 Portable/Liftable 
Electric grill (European 
Patent No. 0953308A1, 
1998) 
EP 0 953 308 A1 Easy Grease Disposal 
• Inclined cooking surface 
• Ribs point to drain channel 
ELECTRIC GRILL (US 
patent No. 357154, 1970) 
3,527,154 Simplistic Design 
Table Space for prep 
DUAL POWER HIGH 
HEAT ELECTRIC GRILL 
(Canadian Patent No. 
2292674, 2004) 
2,292,674 Dual Power Source (fast & hot)  
• AC – wall outlet 




WO 98/44835 Foil inserts 
• Radiates heat toward the food. 
• Disposable for easy cleaning 
KENYON ELECTRIC 
GRILL 
US 8,631,739 • Cooking grate positioned above a 
heating element, which can be 
controlled with a touch pad. 
• Specific to Kenyon brand electric 
grills 
• Drip tray beneath grate  
KENYON ELECTRIC 
GRILL 




• Grill has a control panel that 
controls the temperature as 
selected by user. 
• The grill grate includes channels 
on the rear face thereof, one 
channel contains the electrically 
powered heat source, and the 
other channel contains the 
temperature sensor. 
KENYON ELECTRIC 






• Cooking temperature sensor 
includes a controller with a 
thermal imaging camera that 
identifies food cooking in grill 
environment 
 
The technical journal papers shown in Table 3 come from a variety of different types of heating 
designs, including a previous senior project that was associated with Bull Outdoor Products. This 
past senior project is a good resource for us because it has an in-depth section about Bull and their 
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conventional products. Additionally, the previous design team mentioned that they had used a set 
of thermocouples in an array to test the temperature distribution across the grill (Gobell, 2013). 
Reusing this technology would help save us time and money on the project, since an even 
temperature distribution is one of the most important aspects for our project as well. As a result, 
we inquired with our sponsor to see if this previously developed technology was available for use. 
We are also using an infrared thermometer to measure the surface temperature on the grilling 
surface. With the proper measuring tools, we can test competitor grills to help us identify the best 
and worst components of their designs. We can also use this technology later in the project to test 
if our prototype grill meets our design specifications. The other journal papers were mostly 
information on heating technology. The journals consisted of topics like how heat is generated 
from electricity, how resistance heating affects foods differently, and how to optimize temperature 
using different heating elements. This information will help us make decisions regarding what 
types of heating systems are available for us to implement, as well as their advantages and 
disadvantages.  
Table 3. Table of Relevant Journal Papers 
Journal Paper Title  Topic 
Barbeque Grill Temperature 
Distribution Design Improvement 
• Improving the temperature gradient of a 
conventional barbeque  
Electrical heating fundamentals 
• Learning how electricity is converted to heat by 
understanding power, current and voltage 
implications of electrical heating. 
• Explains the different types of heating (resistive, 
IR, induction, microwave) 
Technology, applications, and 
modeling of ohmic heating: a 
review 
(Bawa 2014) 
• Learning how resistance heating works and 
affects different types of foods 
Furnaces: principles of design and 
use (Furnaces: Principles of design 
and use, 2013) 
• Different methods for heating up electric 
furnaces, including the advantages and 
disadvantages of each 
Temperature optimization of an 
electric heater by emissivity 
variation of heating elements 
(Hemmer, 2014) 
• Optimizing the temperature in a space through 
design decisions about the emissivity of the 






Consumer products have many requirements to ensure that consumers can safely operate their 
devices. These industry codes exist to make sure the grill is safe to use in residential and 
commercial settings. The following is a list of industry codes and standards that will likely be 
applicable to this project: 
• International Electrotechnical Commission (IEC) Technical committee (TC) 61, Safety of 
Household and similar electrical appliances.  
• California Fire Code (California Fire Code & BBQ Grills in 2020, 2019) 
 
2.3. Electrical Power Background 
Due to the electrical utility limitations of most residential buildings, we faced a major design 
decision about the size and electrical power input for the electric grill. The Coyote and Kenyon 
electric grills that we tested use 120 V outlets and draw 11 amps, allowing the surface temperature 
of the cooking surface to reach around 600 °F. However, both these grills are much smaller than 
any current Bull BBQ grills. The cooking surface on both the Coyote/Kenyon grills are only 156 
square inches. In contrast, the smallest Bull BBQ (STEER) has 556 square inches (almost four 
times the cooking surface of the Kenyon/Coyote). There is a tradeoff between size of the electric 
grill and maximum temperature for any given power input. If we were to increase the cooking 
surface size without adjusting the power input to the heating coil, we would get a much lower 
power consumption per square inch of cooking surface. 
Bull BBQ gas grills typically aim for more than 80 BTU/hr per square inch of cooking surface 
area. This heat distribution is impractical for residential electric grills. Even with a small surface 
area and near the maximum current draw for a 120-volt circuit, the Coyote/Kenyon grills only 
have a heat distribution of around 29.6 BTU/hr per square inch of cooking surface area. We 
hypothesize that the electric grills require a smaller heat distribution per unit surface area because 
they cook with primarily conduction directly to the surface, as opposed to a gas grill that loses a 
lot of heat through convection and gas exhaust. Regardless, the surface temperature of these 
electric grills is still capable of reaching 600 degrees, meaning our electric grill design should be 
aiming for at least 29.6 BTU/hr per square inch. If we want to make a more typical larger grill 
while still maintaining appropriate heat distribution, we need to increase our voltage supply line 

















Max Voltage (V) 120 120 240 NA 
Max Current (A) 11 12 15 NA 
Max Power (W) 1320 1440 3600 NA 
Max Power (BTU/hr) 4504 4914 12284 45000 
Heat Distribution of 
Kenyon/Coyote size 
(BTU/hr-in^2) 29.58 NA NA NA 
Heat Distribution if 
each were the size of 
STEER  
(BTU/hr-in^2) 8.10 8.84 22.09 80.94 
 
As seen in Table 4, The maximum allowable power input of the 120-volt circuit is around 5000 
BTU/hr compared to around 12,000 BTU/hr for the 240-volt electric grill. While neither of these 
values are even close to the 45,000 BTU/hr that the Steer is capable of, adding additional power 
would help us increase the size of the electric grill, while maintaining the performance of the 
current Kenyon and Coyote grills.  
While it may seem like gas grills would be several times hotter than electric grills, we believe there 
is a difference in the type of heating and amount of heating loss. The gas grills primarily heat up 
the entire volume of the grill due to the nature of burning gas, meaning the gas grill heats both the 
air and the cooking surface grates. Meanwhile, in an electric grill, the electric coil primarily heats 
up the cooking surface grates, which allows the surface to reach similar temperatures as the overall 
gas grill without needing as much power. In this manner, the electric grill likely cooks the food 
fundamentally different than the gas grills. For our design purposes, it is convenient to aim for the 
heat distribution of the Kenyon/Coyote since we know this heat input that allows for good electric 
grill performance.  
After explaining this background research with our Sponsor, we determined that our project would 
focus on maximizing the surface area for a 120 Volt electric grill, while still maintaining the 
desired performance characteristics. This decision is mainly due to the increased cost and 
inconvenience that the addition of a 240-volt outlet would bring to customers.  
3. Objectives 
In this section we will present our main goals for this project, how we got those goals, as well as 
how we are going to achieve them. To do this, we used several different design process techniques, 
such as creating a clear problem statement, a boundary diagram, a customer wants/needs summary, 
a Quality Function Deployment (QFD) House of Quality, and engineering specifications. 
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3.1. Problem Statement 
Bull Outdoor Products customers need a premium, high-temperature electric grill with even heat 
distribution because they want to barbeque on their back patios and balconies without the increase 
in fire insurance costs that are associated with owning a conventional gas grill. 
3.2. Boundary Diagram 
A boundary diagram is a good way to visualize the scope of this project and can be seen in Figure 
3. Inside the dotted line is what we have design control over. Bordering the dotted line are items 
that we must take into consideration through the design of this grill. In other words, we are 
designing the grill-head and all interior components, including the heating element, temperature 
sensor, lid, griddle, and smoker-box. The interactions considered necessary to the project are the 
outside environment, the user, the power source, and the food that will be getting grilled.  
 
 
Figure 3. Boundary Diagram of the Electric Grill Project 
3.3. Wants/Needs Summary 
After speaking with our sponsor, performing background research on our sponsor’s company, and 
gathering information from various online reviews and competitor’s products, we further 
understood our customer’s wants and needs. The needs are things that define the product, and the 
wants are extra design requirements that the product can live without but would be beneficial to 
have. 
From our sponsor’s point of view, one of the most important characteristics of any admirable grill 
is to be capable of reaching high temperatures. Cooking at high temperatures gives the customer 
the most cooking versatility. A large cooking volume also adds more cooking versatility to the 
grill (i.e., baking/roasting whole chickens, baking pizzas, etc.) Another important aspect of any 
grill is the output of an even temperature distribution along the surface of the grill, which gives 
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confidence to the customer that all the food in the grill is being cooked at the same rate. The grill 
also needs to stay at the desired temperature with minimal fluctuations. We would also like to 
minimize the amount of time it takes to reach the desired temperatures, as it is more convenient 
and time-effective for the user. The grill should be able to be fit inside of a preexisting gap in an 
outdoor kitchen island while also being able to be placed on a mobile grill cart. Finally, like any 
other appliance, our customers would like a grill that is aesthetically pleasing, durable, easy to 
clean, easy to use, and has replaceable parts. 
The conventional barbecue taste is something that a lot of electric grills are currently missing, so 
our team is designing a convenient way to get that smoky flavor while only using electrical heating. 
The main way to achieve smokey flavor in electric grills is using a wood chip box. 
3.4. QFD Description 
Our customer’s wants and needs can be easily seen and effectively utilized in the Quality Function 
Deployment (QFD) House of Quality. The House of Quality is a tool that engineers and designers 
use to help solve the correct problem. Spending time solving the wrong problem is one of the 
costliest things that a company can do and avoiding this mishap is crucial to the completion and 
success of any design project. The QFD House of Quality is a large table that consists of the 
following: our customers (manufacturer included), their wants/needs, weights associated between 
the wants/needs and the customers, the engineering tests needed to evaluate these wants/needs, the 
benchmark results set by the competition and the effectiveness of the designs at tackling the wants, 
needs and engineering tests. A summary of this process can be found in Appendix A. 
3.5. Engineering Specifications 
Within the QFD House of Quality are some engineering specifications. In Table 5, we created an 
engineering specifications table that lists the tests we are going to perform to make sure that we 
are meeting our customer requirements. We also listed target values for each specification, the 
tolerance for these targets, and the risk of not reaching each target. In the final column, we included 
the way we plan to comply with each requirement, which can be a combination of analysis (A), 










Tolerance Risk Compliance 
1 Time to Heat < competitor best ±5 minutes Medium T, S 







steady state is 
reached 
±5 °F High T 




Min. High T 
5 
Outer Dimensions of 
Cooking Volume 
L x W x H – 18", 
16”, 12” 
±6” Low I 




7 Weight 50 pounds Max. Low I 








N/A Medium A 
11 Easy to Use 
Everyday person 
can operate 
without needing a 
manual 
N/A Low A, S 
 
Specification Descriptions: 
1. “Time to Heat” will be evaluated by turning on the grill from resting temperature (ambient 
temperature), setting the grill to the desired temperature, and then measuring the amount 
of time between initial power and when one of the temperature sensors reads the desired 
temperature. 
2. “Easy to Clean” will be evaluated qualitatively. It is expected that this will mostly be a 
function of cooking surface material, geometry, and whether the cooking surface can be 
removed. 
3. “Maintain Temperature” will be measured by using temperature sensors when the grill is 
operating at steady state. Data points will be taken periodically to see if the grill surface 
stays at the correct steady state temperature. 
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4. “Highest Temperature” will be measured by using temperature sensors with the grill set to 
maximum power. 
5. “Outer Dimensions of Cooking Volume” will be measured with a tape measure or meter 
stick. 
6. “Cooking Area” will also be measured using a tape measure or meter stick. 
7. “Weight” will be measured using a scale. 
8. “Cost to Manufacture” will be evaluated by performing a cost analysis on all components, 
parts, and predicted manufacturing processes. 
9. “Temperature Distribution” will be evaluated by using multiple temperature sensors to 
measure temperature at different locations on the cooking surface. The variance will dictate 
how even the distribution is. 
10. “Durability” will be evaluated by looking at the manufacturer ratings of key components 
such as heating elements, lid hinges, and electronics. 
11. “Easy to Use” will be evaluated by analyzing the simplicity of the control system and the 
overall ergonomics of the grill. 
The high-risk specifications are “Maintain Temperature” and “Highest Temperature”. “Maintain 
Temperature” may be challenging to achieve since it will require a complex control system with a 
quick response time. There are many aspects of grilling that can cause sudden temperature changes, 
such as placing low temperature food on the cooking surface, opening the lid, or changing 
environmental temperatures. As a result, extra attention may need to be put on the control system. 
“Highest Temperature” is listed as high-risk specification because most electric grills currently on 
the market are unable to achieve temperatures above 500 °F. This design temperature will mostly 
be limited by the power input from the residential electrical socket and housing design. 
4. Concept Design 
This section of our report covers the process that led us to our current concept design, as well as 
a description of the concept design itself. 
4.1. Concept Development Process 
The concept development process for our design included making a functional decomposition tree, 
ideating on each function found in the tree, creating Pugh matrices to evaluate each idea, creating 
models of the top ideas, and compiling each top idea into a weighted decision matrix. The goal of 
the final weighted decision matrix to figure out which combination of ideas best fit the engineering 
specifications and the customer’s wants/needs. All these steps help us organize our ideas and create 




Figure 4. Functional Decomposition Tree 
The goal of our functional decomposition tree, shown in Figure 4, was to create a chart that clearly 
showed the different features that we would have to account for when designing our grill. Each of 
these features had subsections with specific functions we would need to keep in mind when 
designing for the main features. For example, a grill needs to have controls for the user to operate 
it. To operate the grill, the user needs to have the ability to turn the grill on and off, adjust to the 
desired temperature, and open and close the lid with ease.  
To brainstorm on the types of ideas that we would put together, the group did a Google Jamboard 
session where we jotted down as many possible ideas as we could for each category. A collage of 
some of the categories can be seen in the Appendix B and a more organized list of ideas in 
Appendix C. This ideation session was helpful because it helped us organize our ideas as a group 
and discuss what we liked about them. From here, we were able to narrow down which categories 
had ideas that we could put into a Pugh matrix, which is discussed in depth in the next section. 
The four categories we focused on were the heating element, the lid design, the user controls, and 
the smoker-box feature. These features were tangible enough where we could make models out of 
them, as well as had aspects that were related to our Engineering Specifications. 
4.2. Matrices 
After creating the functional decomposition tree, we utilized matrices to logically compare our 
ideas and ultimately settle on a final concept. First, we used a Pugh Matrix for each function to see 
how our designs compared to a “base” model. Then, we used a morphological matrix to combine 
the top functions into a workable system. These systems were then placed into a weighted decision 
matrix to determine our final concept model.  
4.2.1. Pugh Matrix – Top Function Ideas 
We had four Pugh matrices total, one for each major electric grill component. A Pugh matrix is a 
matrix that compares different ideas against a “datum” or base model. The base model is what we 
believe is our best option thus far, and what we want to compare our other designs to. In our Pugh 
matrix, we score each of the different designs for each criterion, to see whether they operate better 
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(+), same (S), or worse (-) than the datum. At the end, we tally up the scores, with a plus (+) being 
+1, an S being +0, and a minus (-) being -1. If the design has a score that is positive 1 or more, the 
design is something that we should consider more strongly. If the design has a score of negative 1 
or less, the design is most likely inferior to our datum and would not be considered as strongly. 
The Pugh matrices for the heating element, lid design, user controls, and smoker-box features can 
be found in Appendix D.  
In Figure 5, we have the top heating element configurations. The heating coils are placed in typical 
heat exchanger fashion and span almost the entirety of the cooking surface. Although these two 
ideas are not very visually different from each other, they may provide different temperature 
distributions across the grill. 
 
Figure 5. Pictures of Top Idea Concept Models for Heating Element 
The top lid ideas are shown in Figure 6. The first idea is a typical grill lid that is lifted by handles 
on the front using hinges on the back. The second idea represents a 4-bar linkage system to lift the 
lid. The handle for this concept is also located in the front. This 4-bar linkage system allows the 
lid to stay flat while being opened which has the possibility of causing less heat loss when opening 
the lid.  
 
Figure 6. Pictures of Top Idea Concept Models for Lid 
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In Figure 7, the top user control ideas are shown. The standard grilling temperature controller of a 
knob will most likely be used since this concept would fit well with the Bull Outdoor Products 
aesthetic and is the most intuitive for grillers. The second-best idea was a linear potentiometer as 
opposed to a rotary one.  
 
Figure 7. Pictures of Top Idea Concept Models for User Controls 
Figure 8 shows the top smoker-box and dripping tray functions. The first idea is a standard smoker 
box that is placed on top of the grilling surface. This placement of the smoker box is not ideal 
because it takes up valuable cooking space on the grill surface. With our limited heat power 
capabilities and desire to maximize cooking area, we were not confident this was the best choice. 
The drippings in this design would drip to the side of the grill for collection. The second-best idea 
was a smoker-box that fits underneath the heating element, located within a detachable dripping 
tray drawer. This idea does not take up cooking surface space and may even allow for easier 
cleaning of the grill. 
 
Figure 8. Pictures of Top Idea Concept Models for Smoker-Box 
4.2.2. Morphological/Weighted Decision Matrix - Top System Ideas 
We chose the top concepts for each function and placed them into a morphological matrix. Since 
all our functions are independent, they can easily be morphed into complete systems. A 
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morphological matrix can be seen in Appendix D. Figures 9, 10, 11, and 12 show the system level 
concepts that we chose to input into the weighted decision matrix to further narrow down our 
preliminary design concepts. 
 
Figure 9. Sketch of a concept grill with a back-hinged lid, a front to back single coil heating 
element, knob controls, and a smoker-box as a bottom drawer. 
 
Figure 10. Sketch of a concept grill with a 4-bar linkage system lid, a front to back single coil 





Figure 11. Sketch of a concept grill with a rolling lid, side to side single coil heating element, 
linear controls, and a smoker-box as a bottom drawer. 
 
Figure 12. Sketch of a concept grill with a back-hinged lid, double coil heating element, knob 
controls, and a smoker-box on the cooking surface. 
After drawing out our top ideas, we rated each of the designs in a weighted decision matrix, see in 
Table 6. We scored each criterion on a scale of 1-5, with 1 being worst, and 5 being best. Each 
score was then weighted by scaling the score using the relative criteria weights found in the QFD 
House of Quality. The design with the highest number meant that it best fulfilled the criteria that 
we set for the project. We also agreed with the choice of the weighted decision matrix, which helps 








Table 6. Weighted Decision Matrix for the four system-level concepts 
 
4.3. Design Direction 
For our project, we found that the highest scoring design had a back-hinged lid, single coiled 
heating element, knob controls, and drawer smoker box. This design has each of the highest rated 
ideas from the individual component Pugh matrices, which is why it is not surprising that it scored 
the highest. Some criteria were not factored into the weighted decision matrix because we did not 
have enough information to firmly establish that one concept was better than another. In other 
words, all system level concepts appeared to score similarly for those criteria. These criteria were 
changed to have red font in Table 6. 
The design direction for this project entails a grill that can seamlessly fit within Bull’s grill product 
line, while differentiating itself from the current electric grill market. The main feature that will 
make our grill different will be the smoker box drawer. Our sponsor wants a grill that can give the 
customers an authentic BBQ flavor from an electric grill. Therefore, we knew we wanted a smoker 
box that the user can place wood chips into. Embedding the smoker box into the drippings tray 
makes the most sense because it saves on cooking area. 
We are also planning on adding other features that are present in existing Bull products to our final 
chosen design, such as an additional warming rack above the main cooking surface and a rotisserie 
spit. These features are not present in current electric grills on the market and help our design 
further stand out from competitors. 
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While our highest-rated design had the back-hinged lid, we eventually realized that it would be 
easier to have a lid that was pinned at the sides of the grill to allow for the additional warming rack 
and rotisserie spit. As shown in Figure 13, this lid makes it easy for the rack and rotisserie spit to 
be attached. 
 
Figure 13. The red ovals show the vertical sides of the grill where the lid is pinned. 
Additionally, as recently requested by our sponsor, we will be having a timer knob that shuts off 
the grill automatically. This safety feature ensures that the grill will not be left running for extended 
periods of time without the user knowing. We also analyzed other potential safety concerns by 
filling out a Design Hazard Checklist, found in Appendix E. 
4.4 Selected Concept 
 
 










Figure 14 shows the CAD model of our current design. This model labels individual components, 
with descriptions as follows: 
A. Lid that rotates on pins with notches that allow for a rotisserie spit and a warming rack to 
be attached. 
B. Bull Outdoor Products knobs for temperature and timer control. 
C. Removable drawer that acts as a drip/water tray 
D. Removable compartment within drawer that hold woodchips. 
E. Single coil heating element that takes 120V power at 11A 
F. Grate 
While we have most of the high-level design planned out, there are still some undefined aspects 
of our design. One such aspect is the electronics associated with the temperature and timer knobs. 
We need to fully size the electronics compartment size before finishing our housing dimensions 
and layout. We have also not selected the exact heating element make and model yet. Lastly, we 
have not finalized the dimensions of the smoker box and drip tray drawer. These aspects will be 
further researched and tested in the future. 
 
Figure 15. Picture of Concept Prototype 
Figure 15 shows what our current prototype looks like. This model has the smoker box drawer 
built in. We used the lid and grate from another electric grill for our concept prototype as they 
were functional components that portrayed the correct design direction that we wish to pursue. 
4.5. Preliminary Analysis/Testing 
Through a basic test using an infrared thermometer and setting the sample electric grills to high, 
we found the maximum average temperature of the cooking surface to be around 550°F for both 
the Kenyon and Coyote electric grills. These measurements matched our expectations based on 
what each electric grill promised in their respective manuals. The goal of these tests was not to 
-21- 
 
have extremely accurate measurements, but rather give us confirmation that the current electric 
grills can reach our desired temperatures. We also noticed that the temperature varied dramatically 
across the surfaces of the grate, with the Coyote grill varying more than the Kenyon. After looking 
at the bottoms of the grate (since the heating elements were the same), it became clear why the 
Kenyon had a more even temperature distribution. The Kenyon’s grate bottom was shaped to 
conform to the heating element by almost wrapped around it. Meanwhile, the Coyote’s was simply 
held above the heating element. We are looking to implement a similar grate design as the Kenyon, 
since it had better temperature distribution. We are brainstorming additional ways to improve upon 
the heating distribution. One potential way is to choose a heating element with more rows of coils. 
These rows line up more finely with the grate to produce a more even and faster distribution of 
heat. Another idea is to vary the thickness of the grate to provide less thermal resistance at colder 
area of the grill. All these ideas require further testing and analysis. 
Since a key aspect of our project is locating the smoker box in the drawer underneath the heating 
element, we needed to confirm that the area below the heating element gets adequately hot such 
that the wood chips will produce smoke. We bought and placed a smoker box (filled with water-
soaked wood chips) underneath the Coyote and Kenyon grills. We propped up to be right 
underneath the heating element of the Coyote grill to confirm that this configuration could still 
heat the woodchips enough to produce smoke. After about 10 minutes on high, we saw plenty of 
smoke coming out of the grill. We experimented again by lowering the smoker box such that it 
was about 2 inches below the heating element. This time the smoker box struggled to produce 
smoke. However, once we removed the smoker box lid, ample smoke was created. While more 
testing must be conducted to determine the ideal distance, these tests proved that it was possible 
for the smoker box to be placed under the heating element. 
5. Final Design 
In this section, we describe each subsystem of the final design of our electric grill. We focus on 
the purpose of each component and explain how each component operates. We also justify our 
material and geometric choices. We will also break down the cost, safety, repair, and maintenance 




Figure 16: Final Grill Design 
Figure 16 shows the final grill design that will be manufactured. It includes a lid, an area for the 
grilling area, the smoker box drawer, and an area for the controls.  
-23- 
 
      5.1. Subsystems 
There are four major subsystems in our design, each with a unique manufacturing process and role 
in the functionality of the grill. These are the housing, electronics, drawer, and grill-top 
subsystems. Each subsystem is explained in detail in the following sections. CAD models are 
provided to help illustrate functionality and intent. Detailed drawings of these parts can be found 
in Appendix F and an indented Bill of Materials (iBOM) can be found in Appendix G. 
5.1.1. Housing Subsystem 
The purpose of the housing is to provide an enclosure for the grill-top and electronics. The housing 
also has a lid to keep heat in while the food is cooking. The housing has been designed in pieces 
to help improve manufacturability, assembly, and insulation properties. The housing subsystem 
consists of 7 main components: base, left inner wall, right inner wall, electronics housing, top shell, 
lid holder and lid. All components of the housing subsystem will be made of 1/16” Stainless Steel 
304 sheet metal. The base panel is the bottom of the grill and is a piece that all other parts will be 
attached to. The left and right inner walls provide the shape of the cooking area. These walls have 
top and bottom flanges with equally spaced holes to attach to the top shell and base panel. The 
electronics housing is a sheet metal structure that will be mounted to the side of the cooking area. 
The top shell will slide on top of all these mounted pieces. These pieces make up the fundamental 
structure of the grill, and the lid and lid holder are attached afterwards.  
For the left and right inner walls, the flanges face to the exterior of the sides of the grill. This 
allows the inner walls to be smooth and flush with the drawer, but also provides an air gap between 
the inner cooking wall and outer grill shell. Since air is a poor conductor of heat, this air pocket 
should improve the heat retention of the grill. These inner walls are featured in Figure 17 below.  
The housing needs to utilize a final shell that goes over the rest of the pieces such that we can 
install the electronics and maintain a professional looking exterior. The top shell is arguably the 
most difficult piece to manufacture as well as the most critical piece to the user. The griller will 
interact with the top shell during every use. Due to its importance, we have communicated with 
our manufacturer to ensure that this top shell will have a smooth finish. Rather than bending and 










Figure 18: Housing Assembled 
5.1.2. Electronics Subsystem 
The electronics in the grill include a heating element, a timer, a temperature controller, an on/off 





Figure 19: Schematic of the circuit that is to be installed in the grill. 
There are two parts to the circuit—the controls circuit and the power circuit. The controls circuit 
is wired with thin, 14-gauge wire, and is composed of the breaker, the on-off switch, timer, 
temperature controller, and LED light. All these components are wired together to ensure that if a 
user inputs a time into the timer, and a temperature into the temperature controller, the grill will 
power on for that set amount of time, at the set temperature. The breaker in the controls circuit is 
rated for 1A and will trip if the current flowing through that circuit exceeds 1A. This is to prevent 
damage to the components of the controls circuit. The on-off switch is a manual switch that the 
user can operate. When it is flipped on, current will be able to run through the circuit to give power 
to the elements within. The on-off switch is wired to a temperature controller, which is a device 
that can take in a digital input from the user. The user will set a temperature that they would like 
the heating element to function at. Attached to the temperature controller is a thermocouple, whose 
end probe lays on the heating element tubing. The thermocouple will sense the temperature from 
the heating element and send that information to the temperature controller. This information will 
tell the temperature controller whether it has reached the setpoint that the user desires (this setpoint 
has a tolerance of +/- 1 degrees).  
Once the heating element has reached the desired setpoint, the temperature controller contacts open 
the controls circuit. Power will then no longer flow to the heating element, meaning the heating 
element will not exceed the desired temperature. When the heating element begins to get cooler 
than the desired setpoint tolerance, it will then close the contact in the controller and allow power 
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to flow through that part of the circuit again. There is also a timer in the controls circuit. This timer 
is manually operated, with settings ranging from 10 minutes to 100 minutes. When the on-off 
switch is flipped on, the timer will immediately begin counting down. When this timer is on, an 
LED light will also turn on, signaling that the grill is on. The timer is the “final boss” of the 
circuit—when the timer runs out, the temperature controller will no longer have current pass 
through it, which will turn off the heating element.  
The power circuit is constructed with thicker, 12-gauge wire, and includes a breaker, a contactor, 
and the heating element itself. The breaker in this circuit is rated for 15A. This circuit will be 
taking in much larger current than the controls circuit due to the nature of electrical heating 
elements. The breaker will trip if the current flowing through it exceeds 15 A. This safety feature 
prevents damage to the other components of the power circuit. The breaker is connected to a 
contactor. A contactor is a device that allows current to flow through the circuit when the desired 
conditions are met (timer is running and temperature of heating element does not equal the setpoint 
temperature). When the circuit is active by fulfilling the conditions, the electromagnetic coil in the 
contactor becomes energized, which closes the contacts inside the contactor and allows power to 
run through the circuit and heat the heating element. When the timer ends or temperature controller 
reaches setpoint, the electromagnetic coil will no longer be energized, and thus there will be no 
flow of power through the circuit to heat the heating element. 
5.1.3. Drawer Subsystem 
The drawer subsystem is composed of the drawer that acts as the drip tray and contains a smoker-
chip compartment, and the handle for the drawer. The purpose of the drawer is to gain easy access 
to the drip tray. This easy access allows for smoother draining/filling/cleaning of the drip tray and 
emptying/replacing of the smoker-chips in the smoker box. Our original design included high 
temperature drawer slides, but we soon found out that the supplier that we had in mind only sold 
in larger batches (10k+). As of now, the drawer will have a metal lip that slides on another metal 
lip attached to the housing. This subsystem will be manufactured by Bull’s sheet metal factory and 




Figure 20: SolidWorks Model of Drawer Subsystem 
5.1.4. Grill-Top Subsystem 
The grill-top is heated up by the heating element and is what the food is cooked on. We are 
planning on purchasing a GrillGrates brand grill top. This grill-top is made from hard anodized 
aluminum and has holes throughout the main area that serve two purposes-- to channel smoke from 
the smoker chip compartment up to the food and to drain drippings to the drip-tray that would 
otherwise steam the food rather than properly grill the food. While holes in the grill-top are useful, 
they are damaging when located over the heating element. The drippings from the food will burn 
quickly and produce an acrid scent/flavor. To overcome this problem, we will be milling out the 
holes in the grill-top ourselves using CNC machinery that is available to us at the machine shop. 
This way we will have control as to which parts of the grate will be exposed, so we can either 
adjust our heating element accordingly, or conform the design of the holes to where our heating 




Figure 21: SolidWorks Model of Grill-top 
      5.2. Material and Geometry Choices 
The entire housing and drawer are made of 304 Stainless Steel because it is the more corrosion-
resistant of the two metals that the factory uses to create Bull products, the other being 201 stainless 
Steel (SHIMAO). 300-level stainless steels are also the food-grade safe versions of stainless steel.  
The housing subsystem went through some major changes from the preliminary design, mostly 
due to geometric issues. The electronics have now been moved to the side of the grill. This decision 
was made after assembling the electric circuit. We realized that the electronics are too large for the 
front because the drawer tray would be too far removed from the coil to heat up the smoker box. 
To have the housing accommodate our need for electronic components to be on the interior of the 
grill, it was decided that the housing would be manufactured in multiple parts such that we could 
mount the inside with the electronic components, before covering the entire grill and sealing it off. 
We have a large lid to increase the cooking volume, allowing the user to grill larger pieces of food. 
As seen in other electric grills, the lid will have a second layer of sheet metal below the outside 
piece separated by an air gap, providing insulation such that the outside part of the lid will not be 
extremely hot to the touch. Between the housing and the electronics is a ½” layer of some type of 
insulation that is yet to be determined. We are in contact with a professor about this.  
The heating element is made from Incoloy, the popular choice for industrial heating applications 
and appliances. Incoloy is excellent at resisting corrosion and is very good at handling and 
transferring high temperatures, the reason why it is used in many industrial applications from water 
heating to heat pipes (Rheem). After consulting with a heating element expert, the proper wattage 
was determined through the weight of the material to be heated, the specific heat capacity of the 
-30- 
 
material, the temperature difference that it must undergo, and a safety factor of 1.25 that accounts 
for losses between the heating element and the grill top. This value turned out to be 1000W, which 
is the minimum wattage that we should look for in a heating element. Currently, our heating 
element is rated at a larger wattage, but testing is the factor that really determines if it is enough. 
Also, watt density is a factor that must be considered. This aspect of the heating element determines 
the amount of time it takes the heating element to reach the desired temperature, in our case under 
10 minutes. The trade-off is contact area between the heating element and the grill top. 
The grill-top is to be purchased and is made from hard anodized aluminum that is more conductive 
than stainless steel and cast iron, while also having a larger heat capacity and high corrosion 
resistance (Anodizing.org). The grill-top is to have the size of 14.5”x10.25” to have the proper 
amount of power per area as seen and calculated in Section 2.4.  
      5.3. Safety, Maintenance, and Repair Considerations 
An electric grill is inherently dangerous because of the temperatures it can reach, and the electrical 
power required to power the device. Since safety is one of the most important things to consider 
when designing a product, the design of this grill is intended to mitigate risk as much as possible. 
This section goes over some of the areas in our design that can be unsafe, need maintenance, or 
need repairing. Appendix H shows the Functional Modes & Effects Analysis that we used to find 
where our product may not achieve its desired functions and how they may adversely affect the 
user. In addition, Appendix E shows the Design Hazard Checklist that we used to look over some 
common design hazards and how we plan to minimize them. Appendix I shows our Risk 
Assessment, created with the designsafe software and Appendix J shows the user manual, 
explaining how to properly use the grill. 
Since our design is electrically powered and requires a large amount of power to operate, our 
circuit has the potential to be very dangerous. In addition to this, our circuit will be operating at 
high temperatures (500℉), which has the potential to melt components and expose bare wire. To 
overcome this, we are providing insulation between the hot compartment and the electronics. 
Another potentially hazardous area is concerned with pinch points. The grill lid will fold down, 
possibly onto someone’s fingers. While it is hard to fully negate a pinch point like this, the sheet 
metal will be folded to decrease the edge sharpness. Another related area of concern is that the 
grill itself is a large and relatively heavy object. To prevent the grill from sliding we will be adding 
detachable rubber feet that prevent slippage if used as a standalone unit. Grill slippage is not a 
problem when the grill is added into an island. Finally, corrosion of the grill-top and housing is 
important to the longevity and safety of the grill. The grill-top’s material (hard anodized 
aluminum) is a very corrosion-resistant and food-safe material. The housing is 304 stainless steel, 
another corrosion-resistant material.  
Maintenance of the grill-top is key to efficient and proper use. The grill-top requires the most 
attention since it is the material that changes the most during the life of the grill. Proper seasoning 
of the grill-top is required to unlock the full potential of the grill-top, just as in cast iron cookware 
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(GrillGrates). Throughout the life of the grill, a slight brushing is required to wipe debris that 
would otherwise cake on the grill-top when further cooking. Every few months it is recommended 
to scrape caked-on debris. GrillGrates also recommends to not put the grill-top in the dishwasher 
or to have the grill-top reach a temperature above 850°F. Other than the grill-top, routine 
wiping/cleaning of the drip-tray is recommended. 
Another potential maintenance point is the grill drawer. While the drawer is flush with the walls, 
there is still potential for oils to build up overtime. As a result, a deep cleaning of the drawer riser 
and inner walls may be required from time to time. 
In extreme cases, the breaker in our circuit will trip if the circuit’s amperage goes over a certain 
limit. To allow the user to turn the circuit back on, a few bolts/screws can be undone to expose the 
breaker. If the heating element in the grill no longer works properly, the user would have to 
purchase a similar heating element, and consult an electrician to attach it, as it is connected via 
wiring that is dangerous to operate. 
      5.4. Cost Analysis Summary 
Many of the parts from the structural prototype are included in the verification prototype as well. 
This included a complete circuit with proper electrical components and an electrical housing made 
of cheaper sheet metal that we would fabricate an initial prototype with. This will simulate the 
more expensive stainless steel sheet metal that we would have to purchase for the final design. 
Due to having most of the electronics parts ready by the verification prototype, purchasing more 
than what we will already have will not be necessary. For a detailed breakdown of the costs 




Table 7: Simplified Table of Costs 
Part Cost 
Power Supply 20.86 
Heating Element 41.77 
Timer* 106.05 
ON/OFF Switch* 24.10 
Contactor (2) * 69.50 













Net Total 274.70 
 
The components with an asterisk (*) next to them indicate that the parts were donated to the project 
via the generosity of a family member. They may be required to be reimbursed for certain pieces.  
      5.5. Customer Needs Concerns 
Some lingering concerns in terms of customer satisfaction include the temperature controller not 
being the most user-friendly device. Since it requires the user to input the setpoint (temperature 
desired) by pressing on the controller two times to set the temperature, rather than once, this can 
hinder ease of use. However, finding the proper controller (within the budget of this project that 
could be wired in our circuit) proved to be a challenge. Ideally, a Bull knob would fit onto a rotary 
potentiometer that would control the temperature. 
Another quirk of the electronics circuit is that the timer is not a count-down timer, but rather a 
timer where you set the time, and the grill operates for that amount of time. This means that the 
knob itself does not rotate back to 0 minutes. While the grill will turn off after the desired time, 
the knob will still be at the original set time. This means that when the grill is turned on again, it 
will operate for the time that is set on the knob from before. The user will have to change this every 
time they want to have the grill on for a new amount of time. In a final, purchasable product without 
financial restrictions, a countdown timer will need to be wired into the circuit. Purchasing one that 
also turns the circuit on and off would be even better, since that would remove the need for an 
on/off switch. 
Additionally, a concern is that the heating element (and thus the grill top) will not get hot enough 
with the amount of current that runs through the circuit. This would mean that we would have to 
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find another heating element whose properties allow for it to use as much available current as 
possible from our circuit. We will be testing for this specifically after our verification prototype is 
fully assembled. 
      5.6. Design Changes From CDR 
After receiving the grill housing from Bull’s factory, we had to tinker with the prototype. The main 
design changes dealt with the electronics. We created mounts for the electronics on both the top 
and the bottom that hold them in place, made of galvanized stainless steel. We also had to make 
the heating element holes slightly larger to fit it in well. Another design change was putting a piece 
of insulation that held the heating element. We put little mounts that screwed into the insulation 
that held the heating element down. We also found the locations of the holes in the heating element 
that fit with our design and drilled them. 
6. Manufacturing 
The manufacturing for this product includes assembling an electronic power and control circuit 
with store-bought parts, outsourcing the 1/16” stainless steel 304 housing to a manufacturer 
overseas, modifying a grill-grate, and assembling all of these to create an electric grill. The 
electronics components were purchased through industrial supplier Grainger, and the rest were 
donated parts. The sheet metal that we used to make small modifications was purchased from local 
sheet metal suppliers. The attachments for the housing, such as rivets, screws, and bolts, were 
purchased from Home Depot. In this section, we will discuss how we would have made certain 
parts of the housing if we manufactured it ourselves, as well as how we assembled the final 
product.  
      6.1. Housing Manufacturing 
In this section, we will walk through the manufacturing of all housing components, excluding the 
top shell and lid, which must be outsourced to Bull’s factory. The lower housing could be made 
by ourselves at the machine shop locally, which is why we included the instructions to build those 
pieces. 
Lower Housing 
1. Take a 23” x 23.5” piece of sheet metal, and water jet 6 quarter inch holes at the locations 
specified in the drawing. This will be referred to as the “Base Structure”.  
2. Water Jet a 1.1” hole 1” away from the 23” side, with 5” from the top. Water Jet three 
0.25” holes 1” from the left panel, with the first one 4.25” from the bottom, and each 




Figure 22: Base Panel Flattened (left) and Folded (right) 
3. Bend the base structure 6”, 90 degrees upwards on the side opposite to the holes along the 
23” side of the metal.  
4. Take two 8” x 17” pieces of sheet metal and water jet three 0.25” holes on each side of the 
17” length pieces, as seen on the drawing. They will be 1” from each side of the panel with 
first one 4.25” from the bottom, and each subsequent hole 4.25” above the other. These 
will be the left-side and right-side brackets—the flanges will be pointing outwards from 
the inside of the grill. 
 
Figure 23: Inner Right Wall Flattened (left) and Folded (right) 
5. Fold both pieces 1” 90 degrees upwards along the side with the holes – it will now look 
like a long U shape, with both ends folded upwards, with holes on the folded parts. 
6. Take the right-side bracket, and water jet two 5/16th holes, with the first one being 2.5” 
from the left side, and 1” from the top, and the other hole being directly 7.5” to the right of 
the first hole. 
 
7. Take a 12” x 23” piece of sheet metal, cut a 6” x 6” piece from one corner of it, and discard. 
Next, fold up the remaining 6” piece 90 degrees upwards. Next, take 6” from the unfolded 





Figure 24: Electronics Housing Flattened (left) and Folded (right) 
8. Use screws and bolts to fasten sheet metal together at the locations with the holes.  
9. Next, fasten the two brackets and electronics housing to the base structure using screws.  
Lid 
The lid for the electric grill would be stamped from flat stainless steel sheet metal. Stamping allows 
the lid edges to be folded over. This removes rough edges. The manufacturing equipment must be 
set-up to make the geometry necessary for our grill-lid.  
      6.2. Assembly of Electronics Circuit 
The electronics circuit is essential for the heating element to be heated to the proper temperature, 
for the proper amount of time. The steps in assembling the circuit are listed below. 
1. Collect all wiring and electronic parts.  
2. Attach two din rails to the metal housing.  
3. Fasten the ground wire to the metal housing. 
4. Wire the power supply to the terminal block. 
5. Attach terminal block to the bottom of the housing.  
6. Wire the neutral wire through the terminal block.  
7. Wire hot wire through terminal block.  
8. Attach breaker and timer to din rail.  
9. Wire hot and neutral wire through breaker.  
10. Wire hot wire to the on off switch, and from the on off switch and into the timer.  
11. Wire hot wire from the timer to the temperature switch.  
12. Wire hot wire from the timer to the LED light.   
13. Wire hot wire from LED light to the contactor.  
14. Wire hot wire from contactor to the end of the heating element.  
15. Wire hot wire from contactor to the temperature switch.  
The steps for the wiring of this circuit are flexible, as an electrician or someone who has experience 
with electrical circuits and parts could have a different sequence of attachment. However, when 
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assembling the wiring, it must follow the schematic shown in Section 5.2.2, or the circuit will not 
work and be potentially dangerous. After assembling the circuit on a test board, we had to transfer 
the components into the compact electronics housing, where everything was mounted inside of the 
enclosure. 
 
Figure 25: Labeled, fully built circuit, before it is put into our electronics housing in the grill. 
      6.3. Outsourcing 
We outsourced the housing to a manufacturer in China, where they stamped and bent our design 
to our specifications out of 1/16” stainless steel 304 sheet metal. The manufacturer is known to be 
reliable and trustworthy, as they manufacture quality products for our sponsor, Bull Outdoor 
Products. We were given a custom grill-top from a specialty grill-top supplier, Grill Grate, and 
modified it by drilling holes in locations that that do not overlap the heating element, again to not 
create an acrid taste/smell from grease hitting the heating element and burning. 
      6.4. Assembly of Grill 
After the housing was sent to us from the manufacturer, it was necessary to put together all the 
components together for the grill to work.  This required modifying some parts of the grill that 
were sent to us, namely making certain holes larger, like the ones for the heating element, so that 
the entire insulation would fit, and the hole for the power cord. Figure 26 shows a photo of the 
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heating element holes. The size of these holes was increased to fit the insulation from the heating 
element, which was crucial so that the circuit does not short due to the wiring touching the housing.  
 
Figure 26: Photo of heating element hole 
The electronics also had to be rearranged to fit inside of the electronics housing enclosure. They 
were attached to a piece of galvanized sheet metal that was raised, so that there would be clearance 
for the screws to be screwed into the bottom of the enclosure. The electronics were arranged in a 
way that the wires going to the heating element were not inhibiting other parts of the electronics.  
The timer knob was attached from the top part of the grill, so it would be sturdy, and that the 
controls of the timer are hidden. Figure 27 shows a picture of the attachment. 
              
Figure 27: Photo of electronics attachment. On the left is the bottom of the housing, where the 
contactor and breakers are attached to the bottom, and on the right is where the user controls are 
attached to the top of the grill.  
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For the controls of the grill, the sizes needed to be modified a bit, as the cutouts did not fully match 
our devices. For this, it was required to cut out pieces of sheet metal that would allow the controls 
to stick out from above the grill. The sheet metal was secured with rivets. Figure 28 shows a photo 
of how the controls are secured. 
 
Figure 28: Photo of sheet metal controls attachment on top 
Additionally, insulation was attached to the side of the grill to keep the heating element secured 
linearly.  This would prevent the expansion of the heating element as it heats up and cools down. 
Figure 29 shows the insulation attachment underneath the heating element.  
 
Figure 29: Photo of insulation underneath heating element 
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The smoker box was attached to the top of the drawer. We attached it at the top of the drawer 
because it produced significantly more smoke (from the wood chips being closer to the heating 
element) than if it was at the bottom of the drawer.  Additionally, by having it at the end of the 
drawer, it did not take up space in the main part of the drawer under the grill top, so it would not 
interfere as heavily with the drippings. Figure 30 shows the smoker box attachment to the drawer.  
 
Figure 30: Photo of smoker box attachment to drawer 
The thermocouple was inserted into a set screw, which was attached to the side of the grill with a 
hole that was drilled after receiving the housing from the manufacturer.  The thermocouple is held 
in place where the tip touches the grill top, which sends the temperature back to the temperature 
controller. Figure 31 shows the thermocouple attachment.  
  
Figure 31: Photo of thermocouple attachment 




Figure 32: Photo of fully assembled grill 
   6.5. Challenges 
Some challenges that we encountered when assembling the product was the positioning of the 
thermocouple. The thermocouple is connected to the temperature controller, which takes one 
reading of a temperature. The position of the thermocouple had to be in a location that was close 
enough to the electronics so that there are not wires traveling throughout the grill. However, with 
this, we are only getting temperature at a single spot of the grill, so we are not getting a 
comprehensive temperature reading (as an average temperature across the grill would give). 
Another challenge that we encountered was that we needed the heating element to rest on a ledge 
that would keep it level to where the holes are on the other side. This is pictured in Figure 29, here 
we ended up putting a block of insulation connected with a bracket, with the heating element 
screwed onto it.  This is not the best solution, as insulation is not meant for this use, but it fit with 
the materials that were available at the time and was something that could withstand the heat that 
the grill produced.  
      6.6. Manufacturing Recommendations 
One recommendation that we make is to outsource electronics that are more concise and user 
friendly. This allows all the grill dimensions to be smaller since the electronics were the limiting 
factor in that respect. The grill would end up being much lighter and more compact. Another 
benefit of this is that the smoker box will be closer to the heating element, producing smoke in a 
much shorter amount of time. We can then fix the smoker box in the middle to make the grill top 
look more symmetric and visually appealing. Yet another benefit of smaller electronics is that 
since the drawer will be closer to the heating element, there will likely be less losses through the 
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sides of the grill, allowing the grill top to heat up at a quicker rate and maybe even reach a higher 
maximum temperature. 
Another manufacturing recommendation is to increase the depth of the lip that the grill top sits on 
in the vertical direction. In the current grill, the fins of the grill top stick out of the plane of top 
housing surface. While this does not have immediate side effects, we foresee this as making for a 
less clean grilling experience overall, while also looking a little funky. If we increase this depth, 
we can also flip the grill top over and use the other side as a griddle. If we do that in our current 
grill, the plane of the griddle is higher than the plane of top housing, again not providing a clean 
grilling experience. 
We would also recommend having a dual layered lid instead of the single layered one we have 
right now, with insulation in between the two layers.  During operation, the top of the lid can get 
extremely hot, so to reduce this risk, having insulation between the exterior and interior lid would 
be better safety wise, and heat retention wise.   
      6.7. Final Budget Status and Part Procurement 
An excerpt from the indented bill of materials is shown in Figure 33. This shows the estimated 
cost of all the purchased products, and where they were sourced from.  
 
Figure 33: iBOM excerpt 
As shown, the total was about $454.38 for all the electronics, and miscellaneous connection 
devices that we had to purchase. This does not include the cost of the housing, as that was made 
cost-free by our sponsor. It also does not account for the cost of the GrillGrate, as the sample we 
were given from the company was cost-free. Our budget for the project was $1,000, so we were 




7. Design Verification 
In this section, we discuss the steps we took to test if our design met our specifications. For 
equipment, we took all temperature tests with an infrared thermometer, shown in Figure 34.  
 
Figure 34: Picture of IR Thermometer that we used to measure temperatures. 
We measured time with timer. We performed the test on a table in a team member’s backyard. We 
will also define steady state to be when the average temperature of the grill top does not change 
more than 1°F/min. Appendix L contains a more detailed DVP&R and Appendix M contains the 
test procedures in more detail. 
Table 8 shows a list of tests that will be completed to verify whether our grill meets the temperature 




Table 8: Summary table of tests 
 
      7.1. Tests 
The first test that we conducted was to measure the highest temperature. The goal of this test is to 
measure if the temperature of the middle of the grill-top will be higher than 500°F at steady-state 
with the lid closed and/or open. Table 9 shows the results of this test. We found that the closed lid 
grill-grate surface temperature (IR thermometer) passed while others did not. The reason the IR 
thermometer and the thermocouple vary in temperature is because the IR thermometer measures 
in the middle of the top surface of the grill-top while the thermocouple measures the bottom right 
edge of the grill-top. We also had to open lid to measure the temperature. 









Notes (#) (°F) (°F) (°F) 
Closed Lid 1 540 439 66 
Open Lid 2 390.2 392 80 
 
Test # Test Reason for test 
1 Maximum Temperature Test This test measures a specification that was listed in 
Table 5: Engineering Specifications Table.  The 
maximum temperature is important to know for 
benchmarking the grill, so there is a maximum 
temperature that the grill can reach. 
2 Time to Maximum Temperature The time to heat to the maximum temperature measures 
a specification that was listed in Table 5: Engineering 
Specifications Table. The time to maximum temperature 
is an essential test as it allows us to have a marketable 
benchmark that the grill can reach. 
3 Maintaining Desired Temperature The maintenance of a desired temperature in the grill 
measures a specification that was listed in Table 5: 
Engineering Specifications Table.  This is a crucial test 
as a griller would want a consistent temperature on the 
grill during grilling.   
4 Temperature Distribution The temperature distribution test measures a 
specification that was listed in Table 5: Engineering 
Specifications Table.  With this test, we are seeking to 
have as even of a distribution as possible, so that food 
can be cooked evenly on the grill. 
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The next test is the time to temperature test. We wanted the temperature of the grill-top to be its 
maximum in under 10 minutes. We set the grill to its maximum temperature and started a timer. 
We ended the timer once the average temperature came within 98% of the maximum temperature 
obtained in previous test. We did not meet acceptance criteria for both tests.  This is likely a result 
of the heating element not transferring enough of its own heat to the grill top. This could also be a 
result of where our thermocouple is placed, as it is not measuring the location on the grill in which 
we are concerned with. For this part of the test, we did not meet the goal that we set for ourselves, 
but upon comparing with results from the Kenyon and Coyote grills, we had a similar time to max 
temperature. The difference is that the Kenyon and Coyote are reaching a higher temperature than 
our grill in the same time frame.  To improve this result, we recommend following the same 
recommendations from Test 1.   In addition, the criteria set is flawed. The goal should be to reach 
a high temperature quickly, not reach maximum temperature. Table 10 shows the results and 
Figures 35 and 36 show plots of the data. 
Table 10: Temperature readings after grill set on high. 
 Trial #1 (Closed Lid) Trial #2 (Open to Observe) 
 Ambient Temperature (°F) Ambient Temperature (°F) 













(min) (°C) (°F) (°C) (°F) (°F) 
0 20 68 28 82.4 83 
1 29 84.2 42 107.6 91.5 
2 50 122 72 161.6 124 
3 79 174.2 108 226.4 171.8 
4 100.5 212.9 133 271.4 218.1 
5 127 260.6 150 302 248.8 
6 142 287.6 165 329 269 
7 154 309.2 172 341.6 290 
8 162 323.6 179 354.2 299.8 
9 167 332.6 182 359.6 323 
10 175 347 184 363.2 340 
11 183 361.4 185 365 350 
12 186 366.8 185 365 350.4 
13 190 374 187 368.6 360 
14 192 377.6 188 370.4 365.1 
15 200 392 190 374 374.5 
16 206 402.8 192 377.6 376.8 
17 210 410 194 381.2 380 
18 214 417.2 194 381.2 389 
19 218 424.4 195 383 387 
20 222 431.6 197 386.6 396 
21 225 437 200 392 392 




Figure 35: Plot of the measured thermocouple temperature vs. time 
 
Figure 36: Plot of the surface temperature of our grill top changing over 20 minutes. 
The next test is to maintain the specified temperature. We want the measured temperature of the 
grill-top to stay within 10°F for 15 minutes after steady-state is achieved. Our results showed 
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that our grill was able to maintain its maximum temperature for at least 15 minutes. Grill does not 
vary more than 4 degrees over 15 minutes of running at max temperature. This passes our 
acceptance criteria, although the temperatures that the grill is at are quite low. Table 11 shows the 
results of this test and Figures 37 and 38 show plots of the data. 
Table 11: Temperature readings of single point in middle of grill at steady state with lid open. 
 Trial #1 Trial #2 




 70 80 
Time  IR Thermometer Temp. IR Thermometer Temp. 
(min)  (°F) (°F) 
0 427.2 390.2 
1 427.1 394.8 
2 426.5 397.0 
3 420.2 395.6 
4 422.9 392.5 
5 423.1 398.3 
6 421.8 395.0 
7 420.4 390.0 
8 424.6 392.0 
9 422.9 392.2 
10 420.7 395.7 
11 424.3 398.0 
12 426.7 393.2 
13 426.0 390.1 
14 426.7 391.6 
15 424.1 394.7 
 




Figure 38: Plot of temperature variation from mean for our grill over 15 minutes. 
Lastly, we want to measure temperature distribution. After 10 minutes, we want the variation 
between temperatures at the 10 different locations to be at most 10°F. This last test is the test in 
which we will be conducting uncertainty propagation and data analysis. Both trials failed but we 
now realize that the criterion we set was too strict. We tested competitors' grills and their 
distribution was double that of ours. We can also look at the average temperature across the grill 
from this open lid test. The insulation that we placed to hold the heating element affected our 
distribution as well, being noticeably higher above the insulation. We found that our maximum 
temperatures on the grill were above the insulation. Table 12 shows the results of this data, Figure 




Table 12: Temperature readings across top of grill-top with lid open at steady state. 
 Trial #1 Trial #2 




 70 80 
Location # 
IR Thermometer IR Thermometer 
(°F) (°F) 
1 457.0 433.0 
2 454.0 427.3 
3 450.3 430.7 
4 449.5 421.7 
5 445.2 418.8 
6 444.7 421.7 
7 436.0 416.4 
8 432.4 410.0 
9 407.0 390.1 
10 395.0 380.2 
11 382.2 364.0 
12 386.0 366.0 
13 408.5 415.0 
14 400.9 383.0 
15 424.4 402.8 
16 431.0 405.0 
17 437.8 407.8 
18 436.2 410.5 
19 454.4 436.1 
20 463.1 432.1 
21 481.0 438.2 
22 460.5 430.3 
23 451.7 416.3 
24 443.9 404.7 
25 436.5 401.0 
26 428.0 396.6 
27 435.5 410.3 
28 434.1 408.9 
29 419.8 402.2 
30 417.8 388.6 
31 384.8 364.6 
32 368.4 337.2 





Figure 39: Picture of layout of temperature distribution measurement points. 
 
Figure 40: Figure displaying the temperature values recorded at each location. 
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Table 13 shows a summary table of each test and if they passed or failed. 
Table 13: Pass/Fail Summary Table 













     7.2. Uncertainty Analysis 
To find our total measurement uncertainty, we looked up data from the manufacturer of the thermocouple 
and IR thermometer. The total uncertainty is the root-sum-square of the accuracy and resolution 
uncertainty. 
IR Thermometer Resolution Uncertainty: ±0.05°F 
IR Thermometer Accuracy: ±2°F 
IR Thermometer Total Uncertainty: ±2.1°F 
Thermocouple Resolution Uncertainty: ±.5°F 
Thermocouple Accuracy Uncertainty: ±2.2°F 
Thermocouple Total Uncertainty: ±2.6°F 
      7.3. Comparison with Other Grills 
Unfortunately, when we re-tested the competitor grills in the Springtime weather, they performed much 
better than in the fall. So, while we originally thought we had achieved competitive performance, that is 
no longer the case. In the following section, we list improvements to our design to help it get closer to the 
competitors. In Figures 42 and 43 below, you can see how our prototype compares to the finished Kenyon 




Figure 41: Figure displaying Time to heat comparison for all three grills. 
 
 
Figure 42: Figure displaying the variation from the mean temperature for all three grills. 
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     7.4. Improvements and Considerations 
To improve the maximum temperature of the grill, the heating element would ideally interact more 
with the grill top. A larger view factor between the grill top and heating element will increase 
radiative heat transfer while having more contact will increase conductive heat transfer. These can 
be implemented by having a grill top with grooves or cavities that house the heating 
element, containing more of the heat output by the heating element. We also 
have more losses through the space between the heating element and drawer which would be 
improved through smaller electronics packaging. Having a heating element that can also take 
the maximum amount of power possible from an outlet would help generate a higher temperature 
on the surface of the grill. Our heating element is currently rated at 11.3 A, but the higher the 
better (without overloading the circuit).   
 
Additionally, having a temperature sensor that is better integrated in the grill can help get more 
accurate results, as the thermocouple reading will never be the same as the temperature across the 
top of the grill (the reading in which grillers need to know). Since the thermocouple is located on 
the side of the bottom of the grill, it will not be able to show the true temperature of the grill in 
which we are concerned with. This affects the controller aspect of the grill as well since the input 
to the controller is not the temperature of the surface of the grill. 
 
During manufacturing, we inserted a piece of insulation to hold the heating element in place to 
prevent it from moving from its own weight and as it expands and contracts from the heat.  As a 
result, we noticed that the temperatures on the side of the grill with the piece of insulation were 
higher. This is not an accurate representation of the final product, but it did show us how big of a 
difference insulation is versus plain old air underneath the heating element. Further, to improve 
the performance of the grill, effort should be made to minimize the leakage of hot air. The 
tolerances in our design were too large to properly hold in the heat. This likely lead to a decrease 
in performance characteristics in our prototype but should be fixable in future models. 
 
Our temperature distribution did not pass our required criteria for several reasons. First, 
our initial testing criteria was too strict, as +/- 10 degrees F is not a reasonable, 
or attainable temperature distribution for an electric grill. When comparing the competitor grills, 
the Kenyon and Coyote, they had about a 250–300-degree temperature distribution. Ours currently 
was around 130 degrees, which is promising for the grill. This is likely thanks to the chosen 
material for the grill-top, aluminum, as opposed to the competitor’s material, cast iron. 
8. Project Management 
This section includes information on our design process with this specific project. It highlights the 
very important and detailed aspects of the design process and how we went about them, going 
more in depth about how and why we chose to do certain things and assessing these choices from 
our current knowledge. A detailed timeline of our project can be found in the form of a Gantt Chart 
in Appendix N with Table 14 showing the key deliverables that we created and presented in this 
class. 
       8.1. Table of Key Deliverables 
Table 14: Key deliverables timetable 
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Key Deliverable Name Due Date 
Preliminary Design Review (PDR) November 11th, 2020 
Critical Design Review February 12th, 2021 
Manufacturing & Test Review March 10th, 2021 
Hardware/Safety Demo April 28th, 2021 
Final Design Review June 3rd, 2021 
 
      8.2. Research 
Our design process started by performing background research to understand and gain empathy 
with our customers to define the right problem. This consisted of looking up existing similar 
products, watching/reading online reviews of similar products, asking friends/family about their 
wants and needs, researching similar product patents, and more. From this research we then 
summarized our findings into a customer needs and wants list that we further narrowed down into 
engineering specifications in which we can work towards. Our team wishes that we spent more 
time during this phase to narrow down the specifics of the desired grill from the sponsor so that 
we had less unknowns further down the road. 
      8.3. Ideate 
We broke down the function of the electric grill and ideated on the various functions that we 
thought of through a functional decomposition tree. During this phase of the project, we also 
benchmarked the competitor’s grills and got an idea of their functionality. During this phase, we 
could have spent more time benchmarking the competitor’s grills and researching the exact parts 
and the specifications of those parts. This would have given us a clearer idea of what to aim for 
and look for when finding parts and creating the grill. 
      8.4. Prototype 
We created our concept models for each function and modified our concepts based on the results 
of our decision matrices and combined them through a morphological matrix to get to a system 
solution. With our preliminary design selected and our concept prototype built, we created a 
concept CAD model. While building our structural prototype, we made some design changes. We 
modified the CAD to fit these changes and converted our CAD to sheet metal for easier 
manufacturing. After getting the grill manufactured from Bull’s factory, we were able to make 
some minor changes and complete the verification prototype. This process gave us more of an idea 
on the functionality of the grill that we further developed through testing in the next section. A 
step that we could have taken during this process was possibly spending more time looking for 
parts that the grill would eventually be made from. Since the electronics for the prototype are 
different from the grill that would go on market, the results will be different than the final product. 
The electronics selection also modified the dimensions of the grill, altering the distance between 
the heating element and the smoker chips as well as just making it bulkier than it needs to be.  
      8.5. Test 
The testing of our verification prototype was set up by creating a design verification plan. We 
outlined the tests that we needed to do to see if we met our engineering specifications and we 
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completed them using an IR thermometer, the grill, a timer, and the thermocouple attached to the 
temperature controller. We performed a maximum temperature test (passed), time to maximum 
temperature test (failed), temperature variance at steady-state test (passed), and temperature 
distribution test (failed). We did notice that with the temperature distribution test, our goal was too 
far out and our temperature distribution, while failing our goal, was twice as good as the 
temperature distribution of the competitor’s grills. 
9. Conclusion 
This document provides our detailed approach to the project. We have successfully created an 
electric grill that works and is within reasonable specifications. Some things that could have 
pushed us closer to achieving our ideal grill would be to increase the heat transfer between the 
heating element and the grill top and to make the electronics more compact. We were not able to 
manufacture the entire grill by ourselves since it would have taken too much time and money, but 
we did assemble the electronics and grill top. Next, we advise you to investigate either creating 
your own grill tops (out of aluminum) or getting in contact with GrillGrate to design a grill top 
that has more contact with the heating element. We also recommend looking into more concise 
electronics to trim down the overall dimensions of the grill. This was a fun project and if you have 
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Appendix A – QFD House of Quality 
 














Appendix C – Idea List 
 




Stainless Steel (Food-grade), Cast Iron, Carbon steel, Ceramic, Porcelain 
coated cast iron, Enamel coated cast iron 
Cooking Surface 
Shape 
Round, Rectangular, Slanted Rectangular, Square, Circular, Flat top 
square, and grill (ribs) square (two zones), Grate type, Above and on the 
sides, Coil type, Bars like normal grill, small nodes every x in^2, George 
foreman type adapter, Elliptical 
Cooking Surface 
Size 
Same size as Kenyon/Coyote, Equivalent Size as typical Bull, Large 
enough to output good BTU/hr/ft^2,  
Turn Grill On/Off Twist Knob, On/Off Button – Physical, On/Off Button – Digital, Silver 
bull’s knobs, Circular knobs, or rectangular knobs, need to be knobs to 
stay true to the bull’s BBQ "look", Lever, Touch Screen, Remote 
Controller, Bull BBQ app for smart phone, Bluetooth capability, Touch 
screen slider, Classic I/O switch, dial similar to Nest thermostats. 
Desired 
Temperature Input 
Twist Knob (Potentiometer) w/ LED Display, Twist Knob 
(Potentiometer) w/ Temperature Gauge Display, Digital Temperature 
Input, [High, medium, low (could be preset temps)], Have specific 
temperatures in increments of 50 that the grill could be set to, Linear 
potentiometer type thing, Touch Screen, (Low (says low temp) – high 
(high temp)), Remote Controller / App on your phone, Mechanical 
keypad (payphone), Electronic keypad (microwave), Dial and Digital 
readout, Up and down switches, Coarse control and Fine control, One 
readout of desired temp and one readout of actual temp, Real time display 
of temperature distribution across cooking surface, Have user be able to 
change temperature of specific zones on grill, multiple cooking 
temperatures across cooking surface. 
Open/Close Lid Button Automatically Opens, Handle on a lid that has hinges (opens 
upward), Flat lift could retract and food is raised up above walls( more 
insulated cooking?), Use bull's signature handles, Steel, rounded corners, 
Sliding top to open grill, Butterfly door type (opens to the side), Hood 
comes out of side/back and fits snug against it when open, Lightweight, 
Part of App, Latches/hinges, Two hydraulic lifts on each side, Button that 








Induction Heating element (Faster heating), Resistance Heating Element, 
electrical socket, Plug (120 or 240 or both 240s or both 120s, if legal), 







Flat Circular Heating, Flat Rectangular element coils (2 different 
orientations), For induction: flat ribbed surface could act as heating 
element and surface or limit the gap between surface and heating element, 
Needs to be able to take in enough power to heat up grill to highest temps, 
Has to last a long time, more than competitors (10,000 hours of grilling 
+), Induction, infrared, Have a heating element heat a fluid in efficient 
heat exchanger system in housing, then pump super-hot fluid into 
cooking surface 
Prevent Surges Surge Protector, GFCI, Current Regulator, Ground, insulate wires 




Silicon handle in core with Metal exterior only, Design to insulate the 
handle from hot grill, Insulate the heat around the body of grill so heat 
does not pass through material to the handles, Heat resistant 
materials/thermal insulators, Aerated cardboard type material that doesn't 
really heat up or expends heat very quickly, Coat of "cool" material 
(whatever that is), Make the handle have a ceramic core to insulate, 
Install heat sinks on sides of handles or in the core of the handle, Sell Bull 
BBQ signature oven mitts 
Housing Materials Stainless Steel Cast, Sheet Metal (Food Grade Stainless Steel), Cast Iron, 
Ceramic 
Housing Shape Typical bull style- rectangular, large hood, Conventional Grill type, 
“Egg" shape type 
Housing Size Depends on heating element analysis, Smaller than regular bull’s grills, 
should try to be larger than Kenyon/coyote, to stand out and be closer to 
regular grill (customers might want their electric grill to look as like a 
regular gas/charcoal) 
Retain Heat Air gap (non-vacuum sealed), Thick Shell, Vacuum sealed cooking 
volume walls (hydro flask), Silicone interior with sheet metal outsides, 






the cooking volume to minimize convection heat loss (either use a 
pressure relief valve with low pressure threshold or have super small 
openings to release pressure only at the bottom), Lid closed properly so 
heat does not escape, Tight tolerances (more expensive), High heat 
gaskets that lid can snug against when closed 
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Appendix D - Decision Matrices (Pugh, Morphological, and Weighted) 
 
 
















Figure D-3 Pugh Matrix for Lid Ideas 
 
  




Figure D-5 Morphological Matrix Generating Four Concept Combinations 
 


































































Appendix G – Indented Bill of Materials  
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Appendix H –Failure Modes and Effects Analysis 






















Appendix J – User Manual 
 
This user’s manual includes information on how to power on your new grill, as well as safety measures 
to avoid injury.   
Steps for Operation:   
1. Before turning on the grill, you can put wood chips in the drawer at the bottom of the 
grill. You can slide out the drawer from underneath and place your desired woodchips into 
the compartment in the back of drawer.  Insert the drawer back into the grill before 
operation.   
  
2. Plug in the power cord into a power outlet. This grill is only compatible with 120-V 




3. Flip the ON-OFF switch to ON.   
  
4. Turn the timer dial to the appropriate amount of time desired.  If you would like the grill 
to run for 10 minutes, set the timer to the “1”, if you would like it for 20 minutes, set the 
timer to “2”, etc.   
 
  
5. To set a temperature that the grill will heat to, press the “SET” button. From there, the 
letters “SP” will show up on the temperature controller. Press “SET” again, and you will see a 
number, corresponding to a temperature.  From here, use the up and down arrows to get to the 
desired temperature. Once you have reached your desired temperature, press “SET” again, 
which will set that as the temperature. Next, press the “SET” and down arrow key at the same 




6. While your grill is running, the LED light at the top of the grill will glow.  Once the timer 
has ran out, the light will go out.  
  
Maintenance:  
To clean the grill components, wait for them to cool completely. Touching hot surfaces can cause serious 
bodily injury.   
To clean the drawer, remove the wood chips from drawer compartment and discard.  Dispose of any 
drippings in the drawer pan. After these steps have been completed, you can place the drawer into the 
dishwasher for easy cleaning, or handwash it with mild soap. Wait for components to be dry before 
reusing.   
To clean the grill top, dispose of any extra grease on the surface of the grill. Next, use a mild soap and a 
sponge or brush to scrub both sides of the grill top. Wait for components to dry before reusing.   
Replacement Parts and Malfunction  
This grill is designed so that the user does not have direct access to the electronic components that power 
the grill.  This is a safety feature.  Therefore, if the grill stops working, or a component of the grill stops 
working (i.e., grill is on, but heating element is not hot, or temperature controller does not work), do not 
try to take the housing apart to go into the electronics-- please contact Bull Outdoor Products so the grill 
can be serviced if it is within warranty.   
The following are external parts that come with the grill:  
• Drawer with attached smoker box.  
• GrillGrate™ grill top  
• Power cord for 120V power.  
Safety Hazards   
The grill will get hot due to having a powered heating element. It is important not to touch any parts of 
the grill top with bare hands when the grill is plugged in, or after the grill has been turned off but has not 
yet cooled.  
All the surfaces (except for the controls and handles) of the grill will be hot after the grill has been 
running for a while. Take extra care when grilling to not touch these areas without proper protective 
equipment such as oven mitts. 
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Appendix M - Test Procedures 
Team: F83 Electric Grill 
Test Name: Maximum Temperature Test 
Purpose: The goal of this test is to determine the maximum temperature our grill can reach. 
Scope: The test measures the temperature of the top surface of the center of the grill-grate. 
Equipment: 
- IR Thermometer 
- Timer 
Hazards: Hot Surfaces 
PPE Requirements: Oven Mitts 
Facility:  Worktable in Makai’s Backyard. Provides a clean flat surface for the grill to reside 
unobstructed. 
Procedure: 
1) Record ambient temperature. 
2) Turn on the grill, set grill timer to an hour and set to the maximum temperature. Leave the 
grill covered. 
3) Wait until the thermocouple temperature display reaches steady state (1 degree per minute). 
Record this thermocouple temperature in Table 1. 
4) Open the lid and record the temperature at the center of the grill grate surface. 
5) Shut off the grill and wait to completely cool down. 
6) Repeat steps 1-4. 









(#) (°F) (°F) (°F) 
1 540 439 66 
2 390.2 392 80 
 
Results:   





- 2 Measurements per sample 
- 2 Samples at different ambient conditions 
Test Date(s): 05/01/21 
Performed By: James Andrews 
Team: F83 Electric Grill 
Test Name: Time to Max Temperature 
Purpose: The goal for this test is to see how long it will take for the grill-grate to reach its 
maximum temperature. 
Scope: This test measures the time for the surface of the grill-grate to reach steady state while 
drawing maximum power. 
Equipment: 
- IR Thermometer 
- Timer 
Hazards: Hot Surfaces 
PPE Requirements: Oven Mitts 
Facility:  Worktable in Makai’s Backyard. Provides a clean surface for the grill to reside 
unobstructed. 
Procedure:  
1) Record ambient temperature. 
2) Turn on the grill, set grill timer to an hour and set to the maximum temperature. 
3) Start the timer immediately and record the initial temperature of the thermocouple in Table 1. 
4) Record the thermocouple temperature in table 1 in increments of 1 minute for 30 minutes. 
5) Shut off the grill and wait to completely cool down. 
6) Repeat steps 1-3, but also check the surface temperature of the grill-grate in the center by 





Table 2. Temperature Readings [°F] and Time Reading [min] 
 Trial #1 (Closed Lid) Trial #2 (Open to Observe) 
 Ambient Temperature (°F) Ambient Temperature (°F) 













(min) (°C) (°F) (°C) (°F) (°F) 
0 20 68 28 82.4 83 
1 29 84.2 42 107.6 91.5 
2 50 122 72 161.6 124 
3 79 174.2 108 226.4 171.8 
4 100.5 212.9 133 271.4 218.1 
5 127 260.6 150 302 248.8 
6 142 287.6 165 329 269 
7 154 309.2 172 341.6 290 
8 162 323.6 179 354.2 299.8 
9 167 332.6 182 359.6 323 
10 175 347 184 363.2 340 
11 183 361.4 185 365 350 
12 186 366.8 185 365 350.4 
13 190 374 187 368.6 360 
14 192 377.6 188 370.4 365.1 
15 200 392 190 374 374.5 
16 206 402.8 192 377.6 376.8 
17 210 410 194 381.2 380 
18 214 417.2 194 381.2 389 
19 218 424.4 195 383 387 
20 222 431.6 197 386.6 396 
21 225 437 200 392 392 
22 226 438.8 200 392 390.2 
 
Results:   
Pass Criteria: 10 minutes or less for grill-grate to reach 550°F. 
Samples: 
- 30 Measurements Per Sample 
- 2 Samples at different ambient conditions  
Test Date(s): 05/01/21 




Team: F83 Electric Grill 
Test Name: Maintaining Desired Temperature 
Purpose: Determine the variation in cooking surface temperature over a period. 
Scope: This test measures the temperature of the grill grate at the center over the course of 15 
minutes to determine the variation in temperature with a consistent power input. 
Equipment:  
- IR Thermometer 
- Timer 
Hazards: Hot Surfaces 
PPE Requirements: Oven Mitts 
Facility:  Worktable in Makai’s Backyard. Provides a clean surface for the grill to reside 
unobstructed. 
Procedure:  
1) Record ambient temperature. 
2) Turn on the grill, grill timer and set to the max temperature. Leave the grill lid open for this 
test. 
3) When the device has reached steady-state (Steady state is defined as when the temperature 
does not change by more than 1°F/minute), take temperature readings at 1-minute intervals for 
15 minutes.  
Table 3. Temperature Readings [°F]  
 Trial #1 Trial #2 




 70 80 
Time  IR Thermometer Temp. IR Thermometer Temp. 
(min)  (°F) (°F) 
0 427.2 390.2 
1 427.1 394.8 
2 426.5 397.0 
3 420.2 395.6 
4 422.9 392.5 
5 423.1 398.3 
6 421.8 395.0 
7 420.4 390.0 
8 424.6 392.0 




10 420.7 395.7 
11 424.3 398.0 
12 426.7 393.2 
13 426.0 390.1 
14 426.7 391.6 
15 424.1 394.7 
 
Results:   
Pass Criteria: Temperature does not vary more than 10 degrees across the entire trial of 15 
minutes.  
Samples: 
- 16 Measurements per Sample 
- 2 Samples at different ambient conditions 
Test Date(s): 05/01/21 




Team: F83 Electric Grill 
Test Name: Temperature Distribution 
Purpose:  Measure the temperature distribution of the electric grill-grate. 
Scope: The test measures how much the temperature varies with location on the grill-grate. 
Equipment:  
- IR Thermometer 
- Timer 
Hazards: Hot Surfaces 
PPE Requirements: Oven Mitts 
Facility:  Worktable in Makai’s Backyard. Provides a clean surface for the grill to reside 
unobstructed. 
Procedure:  
1) Record ambient temperature. 
2) Turn on the grill and set the temperature to max temperature. Leave the grill lid open. 
3) Wait until grill reaches steady state (Steady state is defined as when the temperature in the 
center does not change by more than 1°F/minute).  
4) Take temperature measurements at each hole on the grill grate in the assigned grid. Record in 
Table 1. 
5) Shut off the grill and wait to completely cool down. 
































Table 4. Temperature Readings [°F] 
 Trial #1 Trial #2 




 70 80 
Hole 
IR Thermometer IR Thermometer 
(°F) (°F) 
1 457.0 433.0 
2 454.0 427.3 
3 450.3 430.7 
4 449.5 421.7 
5 445.2 418.8 
6 444.7 421.7 
7 436.0 416.4 
8 432.4 410.0 
9 407.0 390.1 
10 395.0 380.2 
11 382.2 364.0 
12 386.0 366.0 
13 408.5 415.0 
14 400.9 383.0 
15 424.4 402.8 
16 431.0 405.0 
17 437.8 407.8 
18 436.2 410.5 
19 454.4 436.1 
20 463.1 432.1 
21 481.0 438.2 
22 460.5 430.3 
23 451.7 416.3 
24 443.9 404.7 
25 436.5 401.0 
26 428.0 396.6 
27 435.5 410.3 
28 434.1 408.9 
29 419.8 402.2 
30 417.8 388.6 
31 384.8 364.6 
32 368.4 337.2 





Results:   
Pass Criteria: The standard deviation of temperature measurements should be within ±10°F. 
Samples: 
- 33 Measurements per Sample 
- 2 Samples at different ambient conditions 
 
Uncertainty propagation and Analysis: 
The uncertainty of our measurements relies only on that of the IR Temperature Sensor and 
Thermocouple. Each device has a resolution uncertainty and accuracy uncertainty. These two 
uncertainties are root-sum-squared. Since we are not using the temperature recordings to 
calculate a new value, no uncertainty propagation calculations are shown. We are not supposed 
to test to a higher accuracy than required. The uncertainty for the temperature is certainly 
reasonable for our application. Electric Grills do not need to be accurate to less than 5 degrees. 
IR Thermometer Resolution Uncertainty: ±0.05°F 
IR Thermometer Accuracy: ±2°F 
IR Thermometer Total Uncertainty: ±2.1°F 
Thermocouple Resolution Uncertainty: ±.5°F 
Thermocouple Accuracy Uncertainty: ±2.2°F 
Thermocouple Total Uncertainty: ±2.6°F 
 
Test Date(s): 05/01/21 




Appendix N – Gantt Chart 
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